ABSTRACT Household food insecurity is a pervasive problem in North America with serious health consequences. While affordable housing has been cited as a potential policy approach to improve food insecurity, the relationship between conventional notions of housing affordability and household food security is not well understood. Furthermore, the influence of housing subsidies, a key policy intervention aimed at improving housing affordability in Western countries, on food insecurity is unclear. We undertook a cross-sectional survey of 473 families in market rental (n=222) and subsidized (n=251) housing in high-poverty urban neighborhoods to examine the influence of housing circumstances on household food security. Food insecurity, evident among two thirds of families, was inversely associated with income and after-shelter income. Food insecurity prevalence did not differ between families in market and subsidized housing, but families in subsidized housing had lower odds of food insecurity than those on a waiting list for such housing. Market families with housing costs that consumed more than 30% of their income had increased odds of food insecurity. Rent arrears were also positively associated with food insecurity. Compromises in housing quality were evident, perhaps reflecting the impact of financial constraints on multiple basic needs as well as conscious efforts to contain housing costs to free up resources for food and other needs. Our findings raise questions about current housing affordability norms and highlight the need for a review of housing interventions to ensure that they enable families to maintain adequate housing and obtain their other basic needs.
INTRODUCTION
Household food insecurity, the inability to obtain adequate food due to financial constraints, is associated with compromised dietary intakes [1] [2] [3] [4] [5] and poor physical and mental health. [6] [7] [8] [9] [10] [11] [12] [13] [14] The most recent statistics indicate that food insecurity is not uncommon in North America, affecting 8% of Canadian households in 2007/ 2008 15 and 15% of US households in 2008 (up from 11% in 2007), 16 (though it should be noted that estimates from the two countries are not directly comparable due to differences in the thresholds used to determine food security status). In both countries, rates of food insecurity are higher in urban areas. 16, 17 Although food insecurity is linked to the adequacy of household incomes to cover basic needs, 6, 9, [16] [17] [18] the policy and program interventions required to address this problem remain ill-defined. While there have been numerous calls for affordable housing policy as an important dimension of responses, [19] [20] [21] [22] the relation between housing affordability and household food security is not well understood.
Qualitative research with low-income families indicates that food purchasing decisions are made in a context of competing demands for scarce resources. [23] [24] [25] [26] Within this context, while food expenditures may be readily altered to free up money for other needs, housing costs appear to be relatively inelastic with rent and utility charges being foregone only in extreme crises. In North America, housing is typically considered affordable if shelter costs (including rent or mortgage payments plus utility charges where applicable) consume 30% or less of the gross income of a household. 27, 28 This norm is routinely used to establish rents in subsidized housing. Although such housing is meant to provide an affordable option for households with limited financial resources and not necessarily aimed at ensuring food security among families in poverty, housing that is "affordable" would presumably leave adequate income for other necessities. In this regard, the application of the 30% standard regardless of income level has been criticized because it does not consider the sufficiency of the amount of income remaining after housing costs are paid. 29 , 30 An improved understanding of the relationship between housing circumstances and household food security could provide insights into the appropriateness of current housing affordability norms and assist in the identification of interventions to address problems of food insecurity.
We undertook a study of low-income families residing in high-poverty urban neighborhoods, employing survey methods, neighborhood mapping, and qualitative interviewing, to gain an understanding of factors associated with vulnerability to food insecurity. We have previously reported on the food security circumstances of this sample in relation to their sociodemographic characteristics and participation in community programs, 31 as well as food shopping behaviors. 32 An analysis of food insecurity in relation to neighborhood characteristics, which demonstrates that proximity to food retail and food programs does not mitigate food insecurity, has also been conducted. 33 In this paper, we draw upon data from the survey to assess the relationship between income, housing costs, and food security, and the relation between receipt of a housing subsidy and food security. We also examine associations between indicators of housing quality and stability and food security to explore the possibility that housing is compromised to free up money for food.
METHODS

Sampling and Data Collection
Respondents were recruited from 12 high-poverty census tracts in Toronto, Canada, between November 2005 and January 2007 using quota sampling to achieve an approximately balanced sample of families in subsidized and market rental accommodations. Rental buildings and units within each census tract were identified and potential respondents were approached at the door and screened for inclusion by trained interviewers. Respondents were deemed eligible if (1) their household included at least one child 18 years of age or younger, (2) they had lived in their current dwelling for at least 1 month, (3) the potential respondent had sufficient fluency in English to complete an oral interview, and (4) the gross household income was at or below a low-income threshold adopted from Statistics Canada-this level, selected to ensure that we recruited low-income households including both "working poor" and those on social assistance, meant the inclusion of two-person households with incomes below $30,000, three-and four-person households with incomes below $40,000, and five or more person households with incomes below $60,000. 34 Data were collected via a structured interview with the person who had primary responsibility for food shopping and management. The survey instrument included questions to assess household food security, food expenditures, income, and housing circumstances. The study protocol was approved by the Human Subjects Research Ethics Board at the University of Toronto, and participants gave written consent after being informed about the study objectives and methods. A sample size of 500 was sought to support the assessment of the impact of housing affordability on food insecurity, accounting for clustering in the sample design and the addition of covariates to regression models. A total of 501 families were interviewed, reflecting a response rate of 62%. Seventeen families were later found to have incomes that exceeded the eligibility threshold and were excluded from analysis. Eleven families reporting shelter costs exceeding their income, including two that reported zero income, were also excluded because of our inability to accurately assess the association between their incomes, housing costs, and household food security. The final analytic sample includes 473 families.
Measures
The Household Food Security Survey Module 35 was used to assess food security over the past 12 months, and thresholds developed by Health Canada were applied to characterize families as food secure or insecure, a state indicative of compromises in the quality and/or quantity of food consumed by adults and/or children.
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A 12-month measure of shelter costs was derived using data on monthly rent charges as well as expenditures on utilities over the past 30 days for those whose rent did not include utility costs (21.8% of families). After-shelter income was calculated as gross income from all sources over the past 12 months minus shelter costs. Among market families, a variable to indicate whether housing was affordable according to current norms (i.e., consuming 30% or less of income) was also derived. Indicators of housing quality included dichotomous variables demarcating crowding and whether the dwelling was in need of major repair. 36 Indicators of housing stability included whether the family was in rent arrears and whether they had borrowed money for rent or obtained rent money from other sources such as pay advances or credit in the past 12 months.
To provide context for the housing expenditure data in relation to food security, we also report on food expenditures over the 30 days prior to the survey. Food expenditures were expressed in relation to the estimated cost of a basic nutritious diet as defined by the Nutritious Food Basket (NFB) using estimates for Toronto for 2006. 37 
Statistical Analyses
Analyses were performed using SAS, version 9.1.3 (SAS Institute, Cary, NC). The clustering in the sampling design was accounted for using SAS survey procedures, which use a Taylor expansion to approximate sampling error. status and household income, after-shelter income, and housing and food expenditures. Among market families, we examined the association between food security and the proportion of income allocated to housing as well as the binary housing affordability indicator.
We then estimated the odds of food insecurity in relation to whether a family lived in subsidized or market housing. Sociodemographic characteristics associated with food security 31 and housing type among this sample, including income, main source of income, household type, immigrant status, and the household respondent's highest educational attainment, were included to account for their potential confounding effect. Recognizing a possible selection effect in terms of whether families chose to apply for and were deemed eligible for subsidized housing, we also computed the odds of food insecurity among subsidized families in relation to market families who were on a waiting list for subsidized housing (n=65).
Finally, we examined the relationship between household food security status and indicators of housing quality and stability, with the models stratified by housing type because preliminary analysis indicated that these factors differed between types of housing stock.
To account for potential changes in some families' housing circumstances within the 12 months preceding the survey interview, all regression models utilizing housing variables included a dummy variable to indicate whether each family moved to their current dwelling within the past year (applicable to 18.4% of families). Variables indicating the number of children and number of adults in the family were also included in models using income and expenditure estimates to account for the influence of household composition (with the exception of the ratio of food expenditures to the NFB which includes a household composition adjustment).
RESULTS
Sample characteristics in relation to housing type are outlined in Tables 1 and 2 . Families in subsidized housing had lower incomes and shelter costs, and allocated a lower proportion of income to shelter (Table 2 ). There was no significant difference in after-shelter incomes by housing type (Table 2) . Food expenditures and the proportion of income allocated to food did not differ by housing type (Table 2) .
Two thirds (65.5%) of families were food insecure in the past 12 months. Household food insecurity was inversely associated with income, and a similar association was observed with after-shelter income (Table 3) . Among families in market rental housing, there was a significant association between food insecurity and the proportion of income allocated to shelter (Table 3 ; preliminary analyses suggested that a curvilinear model provided a better fit; thus, we report only the results of this model). The relationship is depicted by the cumulative density function in Figure 1 , which indicates an increased probability of food insecurity as the proportion of income allocated to housing rises, with a leveling off when the proportion reaches approximately 50% (the upper tail of the figure should be interpreted with caution given the small number of households (n=18) with shelter costs exceeding 70% of income). Market families allocating over 30% of their incomes to shelter (89.2% of families) had increased odds of food insecurity compared to those that allocated 30% or less (64.1% versus 41.7%, OR=2.87, 95% CI=1. 19-6.90 ). Among market families, the proportion of income allocated to housing was also inversely associated with food expenditures, both in dollars (t=−3.15, p=0.01) and expressed in relation to the NFB (t=−3.11, p=0.01). Among all families, food expenditures and the proportion of income allocated to food did not significantly differ by food security status (Table 3) .
Over the past 12 months, 61.7% of families in market housing were foodinsecure compared to 68.9% of those in subsidized housing. After adjusting for household sociodemographic characteristics, there was no association between whether families received housing subsidies and their food security status (OR=0.73, 95% CI=0.50-1.08). However, the odds of food insecurity were lower among subsidized families compared to only those market households on a waiting list for subsidized housing (OR=0.51, 95% CI=0.30-0.86).
Almost one half of families lived in crowded housing and one fifth lived in housing in need of major repair (Table 4) . Among market families, crowding was inversely associated with housing costs (t=−3.74, pG0.01), whereas poor state of repair was not associated with housing costs among either market or subsidized families. Among subsidized families, neither crowding nor state of repair was associated with household food security (Table 4) . Among market families, living in housing in need of major repair was associated with increased odds of food insecurity, but crowding was not associated with food security (Table 4) . One in ten families were in rent arrears and one in four borrowed money for rent or got money a Odds ratios were derived from logistic models (PROC SURVEYLOGISTIC) adjusted for whether the household moved in the past year b Other non-governmental sources were the main source of income for only 4.2% of all families and included child support, rent received from someone living in the household, or informal sources of income c Other government transfers include employment insurance, workers' compensation, child tax benefits, goods and services tax credits, and seniors' benefits d Lone-father families made up only 3.8% of all households e Immigrant status is based on the respondent and his/her partner if applicable. In households in which both the respondent and his/her partner were born outside of Canada, immigrant status is based on the individual who immigrated most recently for rent from another source (e.g., credit, payday advances) in the past 12 months (Table 4 ). Both of these stability indicators were associated with increased odds of food insecurity among the full sample of families (Table 4) .
DISCUSSION
Although prior studies have documented an association between housing tenure and household food insecurity, 6,9,17,39 our research indicates the relevance of shelter costs and housing quality to the food security of low-income urban families. Food-insecure families had significantly lower incomes than food-secure families, consistent with previous literature, 9,17,18,40,41 but declining after-shelter income was also positively associated with food insecurity, as were rent arrears and having borrowed for rent. The proportion of income allocated to housing was also inversely associated with food expenditures, consistent with our earlier analysis of Canada's Survey of Household P value derived using ANOVA (PROC SURVEYREG) with Box-Cox transformed dependent income and expenditure variables, adjusted for the number of adults and the number of children in the household (except food expenditures in relation to the NFB which already incorporates a household composition adjustment) and whether the household moved in the past year b Although the proportion of income allocated to housing is regulated among subsidized households, some variation is apparent, likely due to fluctuations in income Regression estimates were derived from multivariate logistic regression (PROC SURVEYLOGISTIC) adjusted for household composition (except in the case of food expenditures in relation to the NFB which incorporates a household composition adjustment). For models including housing variables (housing costs, after-shelter income, and proportion of income allocated to housing), a covariate was included to indicate whether the household moved in the past year b
Regression estimates for income and after-shelter income pertain to $1,000 increments, and the odds ratio for shelter costs and food expenditures pertain to $100 increments. For the proportions of income allocated to shelter and to food, regression estimates pertain to increments of 10% c Because the proportion of income allocated to shelter is regulated among subsidized households, the examination of this variable in relation to household food security was conducted among the subsample of market households (n=222)
Spending which revealed a decline in the adequacy of food spending among low-income households as the share of income allocated to housing increased. 42 Our findings indicate that for many low-income families, compromises in housing quality are concomitant with food insecurity. Living in subsidized housing does not appear to insulate families from housing quality issues. Housing quality problems (particularly crowding) were also common among those in market housing. We observed a positive association between living in a dwelling in need of major repair and food insecurity among market families, suggesting that families in desperate straits are forced to make multiple serious compromises in basic needs. In contrast, the lack of heightened odds of food insecurity among those in crowded housing might reflect a conscious effort to reduce housing costs by living in cramped conditions, potentially freeing up money for non-shelter goods including food. Our data do not enable us to determine the extent to which the observed quality problems reflect deliberate choices to limit shelter costs. However, the significant inverse association between after-shelter income and food insecurity suggests that housing costs could not be increased without exacerbating food insecurity.
Sixty-nine percent of families in subsidized housing were food insecure, and although the subsample of market families paying 30% or less of their incomes for shelter was limited, 42% of the families in this category were also food insecure. These results point to the need for a redefinition of housing affordability to take into account the adequacy of after-shelter income. Housing costs in dollars did not differ between food-secure and food-insecure families, lending credence to the notion of an affordability norm which considers housing costs relative to income; however, the current definition is inadequate because of its failure to account for the adequacy of income remaining after housing costs are paid. We are unable to derive a definition which would take adequacy of after-shelter income into account using the current data because so many families had poor housing quality, suggesting that their housing costs underestimate what they need to spend to obtain adequate housing. However, our findings highlight the need for future research to consider both costs in terms of the adequacy of after-shelter income and housing quality in assessing the affordability of housing.
The observed differences in sociodemographic characteristics between families in subsidized and market rental housing suggest a selection effect whereby those that apply for and obtain subsidized housing are systematically different from those that do not apply or qualify. This is also implied by the screening procedures for subsidized housing in Toronto whereby housing authorities prioritize particularly disadvantaged households such as homeless people, youths, and families separated because of lack of housing, 43 and in previous US research with low-income femaleheaded households that found a positive association between receipt of housing subsidies and child hunger. 44 We endeavored to account for a selection effect by including potential sociodemographic confounders in our model and repeating the analysis including only those market households on a waiting list for subsidized housing. Although longitudinal data are needed to understand the impact of moving into subsidized housing on food security, the lower odds of food insecurity among families in subsidized housing compared to those on the waiting list implies that subsidies afford some advantage. This is also suggested by the lack of difference in after-shelter incomes between subsidized and market families despite the lower overall incomes of subsidized families. Nonetheless, we posit that housing that is truly affordable should enable families to meet their non-shelter needs after paying rent and utilities, and thus, the pervasiveness of food insecurity among subsidized families raises questions about the adequacy of current subsidy levels.
The findings of this study shed light on the complexity of the relationships between income, housing and utility costs, housing affordability interventions, and food security at the household level, highlighting that it is not simply the income entering a household that influences the resources available for food but also the financial burden of non-discretionary expenses. Housing and utility costs are the major non-discretionary expenditure for most households and therefore should be considered along with income in determining the financial health of a household. 29 A focus on after-shelter income could help to more effectively identify vulnerable households in need of targeted interventions to improve their food security and their access to other non-discretionary goods and services related to healthcare and education, for example. This study is not without limitations. Our analysis of shelter costs over the past year was based on detailed data from the previous month, but families' costs may have changed during the year. However, most families had lived in their current dwelling for at least 12 months and changes in their shelter costs would be limited given legislation that restricts the extent and frequency of rent increases. 43, 45 It is also possible that utility costs fluctuated among the 22% who were paying them separately from their rent. Insofar as we sampled across the calendar year, this source of error should add random variation to our estimates, decreasing our ability to discern significant differences.
We relied on self-reported data to assess housing quality rather than objective measures. It is possible that respondents were reluctant to report the actual number of persons residing in the dwelling for fear of reprisal by landlords or municipal authorities, perhaps leading to an underestimation of crowding. Similarly, while we used a standard indicator used by the Canada Mortgage and Housing Corporation 36 to assess whether a dwelling was in need of major repair, it is possible that respondents either were not aware of or were resistant to reporting the full extent of problems due to their status as tenants. As a result, we may have underestimated the true extent of housing quality problems in this sample.
We did not observe lower food expenditures among food-insecure households (although the medians are suggestive of lower food spending and a higher proportion of income allocated to food among food-insecure families), in contrast to US population-based analysis. 16 Given that the receipt of charitable food assistance was more common among food-insecure families than food-secure families, 31 this cannot account for the lack of observed difference in their food spending. It is possible that given the limited size and low-income nature of our sample, there was inadequate variation in expenditures to discern an effect, perhaps complicated by the possibility that some low-income but food-secure families may have had more plentiful existing food supplies or better social support and thus better access to supplemental sources of food (e.g., from family or friends). We did not use a food expenditure diary to collect food spending data, and it is likely that there is more error in their recall as compared to housing costs, which tend to remain relatively stable, with such error making it difficult to see patterns in the data. Nonetheless, the associations between share of income allocated to housing and both food insecurity and declining food spending suggest that the burden of housing costs exerts pressure on food access among low-income households.
Our study is limited insofar as it was conducted with a sample of low-income tenant families residing in high-poverty neighborhoods in one Canadian city. Although the associations between food security and sociodemographic factors are consistent with Canadian 6,9,17,18 and US 16, 39 literature, more research is needed to establish the generalizability of the relationship between housing circumstances and household food security identified here.
Housing tenure, housing affordability, and housing quality have been linked to self-rated health, mental health, and some physical health outcomes (most notably, respiratory ailments). 30, [46] [47] [48] This study extends that body of literature by documenting the relevance of housing circumstances to the food security of lowincome urban families. Our finding that housing and food problems coexist among poor families is perhaps not surprising; nonetheless, this study provides empirical evidence of the need for a reconsideration of current definitions of affordable housing and a review of interventions based on such definitions to ensure that they enable families to maintain adequate housing and meet their other basic needs.
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